SUMMARY Human neutrophils were able to degrade proteoglycan and inhibit its synthesis when incubated with human articular cartilage coated with heat aggregated immunoglobulin G. These effects were potentiated when culture medium conditioned by mononuclear leucocytes stimulated with killed Staphylococcus aureus was also present during the incubations. Neutrophils preincubated with this conditioned medium and washed before incubation with cartilage also showed an increased ability to degrade proteoglycan and inhibit its synthesis. The percentage of neutrophils binding to cartilage was significantly increased in the presence of this conditioned medium.
In rheumatoid arthritis a progressive destruction of cartilage occurs which has been attributed traditionally to enzymatic degradation' and more recently to a decreased ability of the tissue to synthesise its matrix components.2-4 During the acute phase of both the human disease and in animal models and during acute exacerbations of the disease vastly increased numbers of inflammatory cells, mostly neutro hils, are seen in the joint and synovial tissue. 6 It has also been shown that neutrophils invade cartilage in chronically inflamed joints, especially at the cartilage-pannus border.7 8 These neutrophils have been implicated in the degradation and impaired metabolism of cartilage through their release of lysosomal enzymes, particularly elastase, 13 and oxygen metabolites. [14] [15] [16] [17] The rheumatoid joint is characterised by proliferation of synoviocytes and accumulation of neutrophils, macrophages, plasma cells, and T and B lymphocytes. These cells produce a family of monoAccepted for publication 15 The objective of this study was to investigate whether neutrophils treated with cytokine-rich conditioned medium show an increased ability to damage cartilage in culture. For After incubation of cartilage with neutrophils the washed tissue was extracted with 2 ml 0-5 M NaOlH Damage of human articular cartilage by human neutrophils 3 for 48 hours. Cartilage incubation media were centrifuged to remove neutrophils, and 250 ,ul aliquots were applied to Sephadex G-25 PD-10 columns and the eluent counted for radioactivity. NaOH extracts were similarly eluted and counted. Proteoglycan release during cartilage incubation with neutrophils (day 0) was calculated from these counts. For calculation of day 1 hours with HAGG coated cartilage in the presence of NCM or sCM as described above. After incubation the cartilage was washed with serum free culture medium and extracted with 2 ml 05 M NaOH for 48 hours. A sample of neutrophils was centrifuged and the pellet extracted with 2 ml 0.5 M NaOH. These extracts were counted in a gammacounter.
EXPRESSION OF RESULTS AND STATISTICAL ANALYSIS
The results presented are from one or more experiments. Each experiment was repeated three times with different batches of cartilage and neutrophils. The large variation in both cartilage metabolism and its response to neutrophil treatment precluded combining the data from all three experiments. The (Fig. 2) . In one individual by day 1, however, incubation with neutrophils in the presence of NCM caused a 65% inhibition of proteoglycan synthesis (Fig. 2B) . By day 2, incubation with neutrophils in the presence of NCM caused a 45-83% inhibition of proteoglycan synthesis.
When sCM was present a 55-60% inhibition of synthesis was seen on day 2 (Fig. 2) . Under these conditions the sCM itself, in the absence of cells, caused an 84-87% inhibition of proteoglycan synthesis. This inhibition by the sCM was already apparent by day 1 (Fig. 2) .
Further experiments were performed with neutrophils which had been preincubated with conditioned media and washed before incubation with cartilage. The results presented in Fig. 3 (Fig. 3) . A neutrophil stimulation of degradation by neutrophils treated with NCM was not apparent after day 0 (Fig. 3) .
The results presented in Fig. 4 show that neutrophils preincubated with NCM could inhibit synthesis by day 1 and day 2. On day 1 (Fig. 4B ) and day 2 (Figs 4A and 4B) this inhibition was considerably increased by preincubating neutrophils with sCM.
The results seen with sCM stimulated neutrophils could have been due to a bacterial contaminant in the sCM. Medium (BCM) generated by incubating S aureus in the absence of MNL was therefore compared with NCM and sCM for its effect on neutrophil mediated cartilage damage. Neutrophils preincubated with BCM gave an identical inhibition of proteoglycan synthesis to that by neutrophils preincubated with NCM (Fig. 4B ). Neutrophils preincubated with NCM or BCM also caused similar levels of proteoglycan degradation (Fig. 5) , thus demonstrating that a bacterial contaminant was not responsible for the effect of sCM on neutrophil mediated cartilage damage.
Using 5tCr labelled neutrophils it was found that about 8% of the neutrophils adhered to cartilage in the presence of NCM (Table 1 ). This percentage was significantly increased in the presence of sCM (Table 1) . When the data from three experiments were combined the percentage of neutrophils bound was increased from 9-8 (1.7) to 18-0 (3 9) (mean 29 39 through frustrated phagoeffects of cytosis adds weight to the idea that such a mechby human anism is operative in cartilage damage. n of rabbit Oxygen metabolites released during the neutrophil respiratory burst46 have been shown to cause an nage was inhibition of proteoglycan synthesis.14 15 Although with our these species can cause the breakdown of hyaluronic neutrophil acid,16 the? have little effect on the proteoglycan nisms such monomer. Recently there has been one report that ity of sCM repeated doses of oxygen metabolites can cause cartilage is proteoglycan release from cartilage. 17 These authors . Synovial also presented evidence that cartilage altered by 1kines,1823 prior elastase treatment was more susceptible to ised in our attack by oxygen metabolites,17 and it is likely that hown that the combined action of a number of neutrophil timulating functions is responsible for the results we see.
-cently we Neutrophil degradation was not mediated through activation of chondrocyte function as the same potentiation of degradation by neutrophils treated with sCM was seen when cartilage was killed by freezing (in liquid nitrogen) and thawing three times (results not shown).
The ability of the sCM to potentiate neutrophil damage to cartilage may result from a stimulation of neutrophil granule enzyme or oxygen metabolite release, or both. The neutrophil stimulatory activity we have shown to be present in the sCM30 caused a stimulation of both granule enzyme release and the respiratory burst and an inhibition of neutrophil locomotion. In the present experiments neutrophil binding to cartilage was increased by sCM and this may be important in the ability of sCM to potentiate neutrophil damage to cartilage.
Our results indicate that the sCM itself was capable of inhibiting proteoglycan synthesis after one or more days in culture. This was not unexpected as it is well documented that lymphokines and monokines are capable of inhibiting proteoglycan synthesis and causing proteoglycan degradation. 53 There was, however, no consistent effect of sCM alone on degradation over the same time period.
Although neutrophils have been implicated in the degradation and impaired metabolism of cartilage in rheumatoid arthritis,8'7 this is, to our knowledge, the first report where both increased degradation and a decreased synthesis of proteoglycan have been shown using human neutrophils and human cartilage in culture. The ability of cytokine-rich sCM to potentiate this damage suggests an important role for neutrophil mediated damage in rheumatoid arthritis.
